Abstract Objectives: This study presents a review of studies reporting on quality of care in vascular surgery. The aim of this study was to provide insight in quality improvement initiatives in vascular surgery. Design: Original data were collected from MEDLINE and EMBASE databases. Inclusion criteria were: description of one of the three factors of quality of care, e.g. process, outcome or structure and prospectively described. All articles identified were ascribed to a domain of quality of care. Results: 57 prospective articles were included, drawn from 859 eligible reports. Structure as an indicator of quality of care was described in 19 reports, process in 7 reports and outcome in 31 reports. Most studies based on structural measures considered the introduction of a clinical pathway or a registration system. Reports based on process measures showed promising results. Outcome as clinical indicator mainly focussed on identifying risk factors for morbidity, mortality or failure of treatment. Conclusions: Structure and process indicators are evaluated scarcely in vascular surgery. Many studies in vascular surgery have been focussed on outcomes as indicator of quality of care, but a shift towards process measures should be considered as focus of attention in the future. ª 2010 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Safety and quality have always been decisive factors in surgical care. In modern surgical care, various prominent criteria have been postulated to evaluate patient safety and the quality of medical care provided. Currently, surgeons and hospitals are more frequently requested to provide information concerning the quality of care provided. Quality improvement programmes have successfully been implemented in thoracic surgery, resulting in decreased morbidity and mortality rates. 1e3 Assessment of quality of care can be divided into three components: structure, process and outcome. There remains considerable debate regarding which measures should be used to reflect surgical quality. 4 Structural measures include a wide list of variables reflecting the setting or system in which care is delivered. For example, volume can be put forward as a structural measure as a surrogate for surgical care. 5 Process variables describe care that patients actually receive. Many processes of care are strongly associated with improved patient outcomes. Examples include strict post-operative glycaemic control and accurate administration of perioperative antibiotics. Direct outcome measurements are particularly appealing to evaluate the surgical quality of care, as they directly represent quintessence of surgical care. Morbidity, mortality or re-operation rates represent direct outcome measurements. Moreover, registration of adverse events alone may improve outcomes. 6 The National Surgical Quality Improvement Program (NSQIP) introduced in Veteran Affairs (VA) hospitals has been a successful example of quality improvement in general surgery. 7, 8 In comparison with general surgical procedures, vascular operations are associated with higher morbidity and mortality rates. Patients undergoing revascularisation procedures frequently suffer from extensive forms of generalised atherosclerosis and are at risk to develop cardiovascular events. For this reason, it is of particular interest to reduce adverse events and to improve the quality of care in this section of surgery.
The aim of this study was to provide insight into quality improvement initiatives in vascular surgery. To present a comprehensible review of these studies, each identified report was subsequently ascribed to one of three components of quality of care, for example, structure, process or outcome. The secondary goal of our study was to assess the value of each of these three parameters regarding vascular surgery.
Methods

Literature search
The databases of Medical Literature Analysis and Retrieval System Online (MEDLINE) and Excerpta Medica Database (EMBASE) were searched up to July 2008. The following string search was used for MEDLINE as shown in Fig. 1 . For EMBASE (EMBASE 1980 to date), the following string search was used as shown in Fig. 2 .
Selection of articles
All titles and abstracts of the selected articles were read by two independent reviewers. Inclusion criteria were: (a) description one of the three factors of quality of care, for example, process, outcome or structure and (b) prospectively described.
Full-text versions were obtained of all articles that matched the inclusion criteria and were subsequently read by two independent reviewers.
Excluded were all articles (a) which did not present vascular surgery, (b) where patients less than 18 years and (c)language other than English. For each study, author, subject, year of publication, mortality, morbidity and main outcome were noted. All articles were subsequently ascribed to one of the three components of quality of care, for example structure, process or outcome in order to provide insight into the value of each of the three components in assessing quality of care in vascular surgery.
Results
The search strategy identified 859 eligible reports. A total of 544 reports were not included for describing surgery other than vascular surgery and/or a different language other than English. A total of 258 reports were not prospectively described studies. Finally, 57 articles were included, divided in process, outcome or structure. Table 1 provides a summary of all the studies included.
Structure
Structure, as an indicator of quality of care, is described in 19 reports. 7,9e26 Details are described in Table 2 . Five of the 19 studies on structure were based on NSQIP Data. 7, 21, 27, 28 NSQIP studies use observed to expected (O/E) ratios for morbidity and mortality for quality improvement. In the Patient Safety in Surgery Study (PSS), methodology of the NSQIP study was applied successfully to private sector hospitals. 13 Hutter and Johnson demonstrated a lower incidence of post-operative morbidity in VA hospitals after vascular operations. 11, 12 A successful introduction of a clinical pathway is shown in four studies. 9, 19, 20, 22 Significant reduction in costs could be demonstrated in all studies, mainly based on the reduced length of stay, and recommendations for change in treatment could be made.
The introduction of a vascular access quality programme improved vascular access care; furthermore, the authors stated that it is of vital essence to have a standardised database system to collect prospective data. 23 Introduction of a mortalityscoring system led to a detailed insight and formed a base for further quality improvement.
14,24 A prospective audit was undertaken in three studies. 10, 25, 26 Wong et al. demonstrated an improvement in performance and indication around carotid endarterectomy. 25 In this study, only one report was included concerning volume. This report showed that centralisation of emergency vascular services led to a positive impact on survival. 15 Process Table 3 shows details of all seven reports concerning process.
29e35 Process, as an indicator of quality of care, is least described with only seven studies included. Remarkably, in this group, four studies were conducted in order to show that adjustment of daily practice did not compromise quality of care, mainly in teaching hospitals. 29, 33, 34, 36 A 60% decrease in operative risk could be achieved by introducing a programme of perioperative monitoring for patients undergoing carotid surgery. 20 Introduction of a critical pathway for carotid endarterectomy
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The use of care pathways leads to reduction in costs and hospital stay
Outcome
The majority of studies in this review concern outcome as an indicator of quality of care: A total of 31 out of 57 27,28,37e64 details are described in Table 4 . These 31 studies describe different subjects from different perspectives. Main issues are endovascular aneurysm repair (EVAR), carotid endarterectomy and peripheral-arterialbypass surgery. Not surprising is EVAR, as a relatively new technique in this era, and a frequently described subject in seven studies. 27,43e45,51,54,55 These studies showed that short-term results reported, varied from good-to-excellent in high-risk patients. Carotid endarterectomy in 11 studies reflects the more recent change in approach of patients with carotid artery stenosis. 39, 42, 46, 47, 49, 50, 52, 56, 57, 60 Carotid endarterectomy was performed at acceptable rates of post-operative morbidity and mortality. Diabetes was identified as a perioperative risk factor in three studies. 37, 38, 64 A lower No evidence was found that graft outcomes are superior in facilities that prefer grafts to fistulae. (continued on next page) extremity revascularisation was performed in three studies 28, 48, 53 and abdominal aortic aneurysm repair in three studies. 32, 40, 63 Outcome as the clinical indicator mainly focussed on identifying risk factors for morbidity, mortality or failure of treatment, based on reported numbers for morbidity and/or mortality.
Discussion
The need for hospitals and surgeons to present their quality of care provided is stronger than ever. Not only patients, but also other health care providers and payers in public and private sectors currently demand openness of data. Effective measurement of quality of care is of great importance; however, prior to be able to improve quality of care, one first has to decide how to measure quality of care. Indicators for performance and outcome measurement allow the quality of care and services to be measured. They provide a quantitative basis for clinicians, organisations and planners aiming to achieve improvement in care and the process by which patient care is provided. 65 A natural starting place could be the Donabedian paradigm of structure, process and outcomes in order to assess quality of care. 4, 66 Vascular surgery differs from general surgery for a number of reasons. First of all, patients frequently suffer from extensive forms of generalised atherosclerosis with subsequent coronary sclerosis and increased risk of cardiovascular post-operative adverse events. Second, a range of therapeutic options are available: open versus endovascular versus conservative treatment. The continuous search for improving quality of care combined with these specific features of vascular surgery make it of special interest to investigate, which quality initiatives have been deployed so far, the quantum of success of these initiatives and recommendations to be made for the future.
Structure as indicator of quality of care in vascular surgery
Structure represents the system in which care for a patient is delivered. For example, the physical resources of the hospital, the staff expertise and the (logistical) organisation. Introduction of a clinical pathway is a successful example of a structural measure. 9, 19, 20, 22 Hospital or surgeon volume is the most well-known structural parameter. However, reports on hospital volume are criticised for not using prospective collected administrative data as a base for evidence. 67 An advantage of the use of structure is the fact that this parameter is easy to measure such as hospital volume.
There are also disadvantages of the use of structure as a parameter. Most structural measures can only be assessed in observational studies, as was demonstrated in the vascular access studies. 10, 23 Furthermore, the outcome of structural measures reflects the result of variables and not for a single variable. Therefore, it is difficult to point out the origin of improvement after structural measures have been implemented. In this review, 33.3% of all studies used structural measures to accomplish improvement in quality of care. Each report showed a favourable result, although not always with a statistically significant effect. This demonstrates the difficulty of using structural measures to improve quality of care, as the exact focus of structural measures is complex.
Since optimisation of structural parameters, such as beneficial effects of increased hospital volume or presence of 24-h vascular surgical service, is associated with improved outcomes in the complex vascular patient, it seems worthwhile to further investigate structural parameters in order to influence care of the patient.
Process as indicator of quality of care in vascular surgery
This study showed the use of a process indicator in 12.3% of all studies. First, processes of care measures are appealing to use because they represent the care that patients actually receive: for example, the routine use of shunting in carotid endarterectomy. Second, process measures are more immediately actionable than outcome measures, as was demonstrated by Cronenwett et al. who focussed on process improvement (e.g., the optimal preoperative medication use). 8, 31 Third, process measures can be applied by all individual hospitals. Many processes of care are strongly associated with improved patient outcomes. It is suggested that process measures may be better applied in general medicine than in surgery, because process is easier to define in general medicine and cardiology patients. 67 Process measures are perhaps the right measures to use to improve quality of care in vascular patients, because of the category of patients, who are high-risk patients with more concomitant diseases.
In this category of patients, proper treatment of these diseases, such as diabetes and secondary prevention of cardiovascular diseases, is of utmost importance. This strongly suggests that there is room for improvement in the care for these patients and strengthens the potential of process measures on improving quality of care.
Outcome as indicator of quality of care in vascular surgery
Outcome, as a clinical indicator, was most commonly used in the past decades and already was demonstrated for general surgery that registration of complications provides detailed insight into post-operative adverse events and care delivered to the patient. 4, 68 For cardiac surgery, measurement of direct outcomes has led to improvement in surgical outcomes, and this has formed the base for the start of all NSQIP studies focussed on general and vascular surgery. 4 However, the type of procedure performed and the case-mix are directly related to morbidity, mortality and excess hospital days. 69 Outcome, as an indicator of quality of care, is particularly interesting for surgical procedures because it represents the bottom line of surgery, as stated earlier. This is represented in our study, whereas the majority of studies concerned quality of care. One of the key issues of reporting on outcomes is to identify risk factors, which could lead to improvement in quality of care. The main patient-related risk factors identified in our study are diabetes and renal insufficiency in vascular patients and this could be a starting point for improvement of quality of care. Identification of risk factors of clinical failure of EVAR or risk factors for stroke or death in the European carotid surgery trial (ESCT) trial forms an example of the use of an outcome measure to improve the quality of care. 42, 45 However, patient selection, decision making and care provided are directly related to clinical outcomes. 31 Outcomes are a function of patient characteristics (risk factors), type of surgery performed, quality (surgeon and hospital factors) and chance (random variation). 67 Another disadvantage could include sample size. Sample sizes are frequently too small in individual hospitals to assess quality of care; for example, zero mortality in low-volume hospitals does not represent perfect care. 67, 70 Moving from outcome towards process and structural measures A direct link between structural, outcome and process measures exists. To improve quality of care using process measures, one first has to evaluate outcomes in order to define the best practical care. After the introduction of a process measure, outcome evaluation is essential to demonstrate a potential favourable effect. For vascular surgery, only few authors have described processes of care and surgical process measures are in short supply 8 as was supported by this report. Although not many studies have been performed using process and structure measures as a tool for improving quality of care in vascular patients, the results published so far are promising. Since patients with peripheral arterial disease suffer from extensive atherosclerosis affecting all vascular beds, surgical treatment should not focus on the specific target site only. The complex nature of this disease entity, with multiple contributing factors such as hypertension, hypercholesterolaemia, smoking and related factors as concomitant cardiac and cerebrovascular disease, dictates a multidisciplinary approach of this specific patient population. Therefore, structural and procedural measures aimed at optimisation of all these factors, are likely to improve provided care should be the focus of quality improvement.
Limitations of the study
In this study, prospective reports written in English, assessing quality of care, were included. As a result, some studies (retrospective, non-English) were disregarded. Studies were ascribed to structural, outcome or process measures, but a considerable overlap between these three measures has to be acknowledged. Debate remains on how to define quality of care. For this study, we have attempted to include all studies regarding quality of care in vascular surgery during the study period. However, after a detailed search of both databases, many, but not all, studies could be included. Therefore, a uniform definition of quality of care is mandatory to obtain an insight into research regarding quality of care.
Conclusion
In this study, we present a review of studies assessing quality of care in vascular surgery. Many studies in vascular surgery have been focussed on outcomes as indicators of quality of care, but, due to the complex nature of treatment of patients suffering from vascular disease with multiple contributing factors, a shift towards optimisation and assessment of structural and process measures should be the focus of attention in the future.
